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(54) Image enhancing method using towpass filtering and histogram equalization and a device 
therefor 



(57) In an image enhancing method, an input image 
signal is lowpass filtered and then histogram equalized 
to become a contrast-enhanced signal. Then, the low- 
pass filtered signal is subtracted from the input image 



signal. Afterwards, the subtracted value is added to the 
contrast enhanced signal, and the added result is output 
as an image enhanced output signal. Thus, the contrast 
of a given image signal is improved without an increase 
in background noise. 
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respect to the given input signal A(i J) is given by follow- 
ing equation. 

A^^(ij)^ c{A{i,j) XL■^ (8) 

where. A(iJ) G {Xo,Xi....Xl.-,}. 

Now. a preferred embodiment of the image enhanc- 
ing device using lowpass filtering and histogram equal- 
ization according to the present invention will be ex- 
plained with reference to Figures 1 and 2. 

Referring to Figure 1, a lowpass filter 100 receives 
an input signal Y(iJ) and carries out lowpass filtering of 
such signal to output a lowpass filtered signal A(iJ). 

A histogram equalizer 200 equalizes the lowpass 
filtered signal A(ij) output by the lowpass filter 100, 
thereby enhancing image contrast of the lowpass fil- 
tered signal. 

A subtractor 300 subtracts the lowpass filtered sig- 
nal A{\,\) output by the lowpass filter 100 from the input 
signal Y(iJ). An adder 400 adds an improved signal A^^ 
(ij) output by the histogram equalizer 200 to the output 
of the subtractor 300 and outputs a final output signal 
YH{i:j) which is expressed by the equation (1). 

Figure 2 is a detailed block diagram of the device 
shown in Figure 1, in which a typical histogram equali- 
zation method is employed. In Figure 2, the same refer- 
ence numerals were designated to the components sim- 
ilar to those shown in Figure 1 and the description will 
be focused on the histogram equalizer 200. 

The histogram equalizer 200 includes a frame his- 
togram calculator 210. a CDF calculator 220. a CDF 
memory 230 and a mapper 240. 

The frame histogram calculator 210 receives the 
lowpass filtered signal A(ij) (which can be denoted by 
Xj^. also) output by the lowpass filter 100 in a picture unit, 
and calculates the probable density function P(X^) 
which represents a gray level distribution in the lowpass 
filtered signal Xj^ according to the equation (6) by a unit 
of a picture. In the present embodiment, one frame is 
used for the picture unit. However one field may be used 
for the picture unit, alternatively. 

A CDF calculator 220 receives the probability den- 
sity function p(X|^) output by the frame histogram calcu- 
lator 21 0 and calculates a cumulative density function c 
(X^) according to the equation (7). 

A CDF memory 230 stores the cumulative density 
function c(X|^) calculated by the CDF calculator 220 by 
a unit of one frame, updates the stored value in re- 
sponse to a synchronization signal SYNC, and outputs 
a cumulative density function value c(X,^) corresponding 
to an input sample X^ stored one frame before. Here, a 
field sync signal is used for the synchronization signal 
SYNC when the picture unit is one field while a frame 
sync signal is used for the synchronization signal SYNC 
when the picture unit is one frame. The CDF memory 
230 is also used as a buffer. 



The mapper 240 reads out the cumulative density 
function value c(X^),. which corresponds to the lowpass 
filtered signal X^ output by the lowpass filter 100 but is 
delayed by one frame, from the CDF memory 230 and 
5 maps the lowpass filtered signal X^ into a gray level of 
Xq to X^ according to the equation (8). 

A frame memory can be further included in the his- 
togram equalizer 200 for delaying the lowpass filtered 
signal X^^. output by the lowpass filter 1 00 by one frame. 
10 so that a signal in the same frame as the cumulative 
density function value output by the CDF calculator 220 
is input to the mapper 240. 

The method of embodiments of the present inven- 
tion can be applied in many fields associated with the 
'5 improvement of image signal quality, such as broadcast- 
ing equipments, radar signal processing, medical engi- 
neering, and consumer electronics. 

As described above, by lowpass filtering an input 
signal and histogram equalizing the lowpass filtered sig- 
20 nal. image contrast may be improved while preventing 
an increase in noise. 

The reader's attention is directed to all papers and 
documents which are filed concurrently with or previous 
to this specification in connection with this application 
25 and which are open to public inspection with this spec- 
ification, and the contents of all such papers and docu- 
ments are incorporated herein by reference. 

All of the features disclosed in this specification (in- 
cluding any accompanying claims, abstract and draw- 
ee* ings). and/or all of the steps of any method or process 
so disclosed, may be combined in any combination, ex- 
cept combinations where at least some of such features 
and/or steps are mutually exclusive. 

Each feature disclosed in this specification (includ- 
35 tng any accompanying claims, abstract and drawings), 
may be replaced by alternative features serving the 
same, equivalent or similar purpose, unless expressly 
stated otherwise. Thus, unless expressly stated other- 
wise, each feature disclosed is one example only of a 
40 generic series of equivalent or similar features. 

The invention is not restricted to the details of the 
foregoing embodiment(s). The invention extends to any 
novel one. or any novel combination, of the features dis- 
closed in this specification (including any accompanying 
•^5 claims, abstract and drawings), or to any novel one. or 
any novel combination, of the steps of any method or 
process so disclosed. 

50 Claims 

1 , An image enhancing method by histogram-equaliz- 
ing an image signal represented by a predeter- 
mined number of gray levels, comprising the steps 
55 of: 

(a) lowpass filtering an input image signal to 
output a lowpass filtered signal: 
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(b) histogram equalizing the lowpass filtered 
signal to output a contrast-enhanced signal: 

(c) subtracting the lowpass filtered signal from 
the input image signal: and s 

(d) outputting a signal produced by adding the 
subtracted value in said step (c) to the contrast 
enhanced signal. 

10 

2. An image enhancing method as claimed in claim 1 , 
wherein said step (b) comprises the steps of: 

calculating a probability density function which 
represents a gray level distribution in the low- 
pass filtered signal by a picture unit; 

calculating a cumulative density function on the 
basis of the probability density function; and 

20 

mapping the lowpass filtered signal into a gray 
level according to the cumulative density func- 
tion. 

3. An image enhancing method as claimed in claim 1 ^5 
or 2, wherein the difference between the output sig- 
nal and the contrast enhanced signal is the same 

as that between the input image signal and the low- 
pass filtered signal. 

30 

4. An image enhancing device by histogram equaliz- 
ing an image signal represented by a predeter- 
mined number of gray levels, comprising: 

lowpass filtering means ( 1 00) for lowpass filter- 35 
ing an input image signal and outputting the 
lowpass filtered signal; 



level distribution in the lowpass filtered signal 
by a picture unit: 

second calculating means (220) for calculating 
a cumulative density function on the basis of 
the probability distribution function: and 

mapping means (240) for mapping the lowpass 
filtered signal into a gray level according to the 
cumulative density function value. 

6. An image enhancing device as claimed in claim 5, 
further comprising a picture memory (230) for de- 
laying the lowpass filtered signal by one frame to 
output a signal in the same frame as the cumulative 
density function value output by said second calcu- 
lating means. 

7. An image enhancing device as claimed in claim 5, 
further comprising a buffer (230) for storing the cu- 
mulative density function values calculated by said 
second calculating means by a picture unit, updat- 
ing the stored values in response to a synchroniza- 
tion signal, and outputting a cumulative density 
function value stored one frame before to said map- 
ping means. 



histogram equalizing means (200) for histo- 
gram equalizing the lowpass filtered signal and ^^o 
outputting a contrast enhanced signal: 

detecting means (300) for detecting the differ- 
ence between the input signal and the lowpass 
filtered signal: and ^5 

outputting means (400) for adding the detected 
difference value to the contrast enhanced sig- 
nal to output the added result as an output sig- 
nal. 50 



5. An image enhancing device as claimed in claim 4, 
wherein said histogram equalizing means (200) 
comprises: 

first calculating means (210) for receiving the 
lowpass filtered signal and calculating a prob- 
ability density function which represents a gray 
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